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0929-6441/ª 2014, Elsevier Taiwan LLPurpose: This study aimed to describe hemodynamic changes in the fetal renal artery in cases
of isolated oligohydramnios during the late 3rd trimester of pregnancy.
Methods: Ultrasonographic measurements of the hemodynamic parameters over the fetal
renal artery were made between 35 weeks’ and 40 weeks’ gestation in 66 patients with iso-
lated oligohydramnios and 60 patients with normal amniotic fluid volumes. Apart from oligohy-
dramnios in the study group, neither the patients in the study group nor the control group had
any fetal or maternal anomalies or complications. The measured parameters of hemodynamic
changes over the fetal renal artery included the resistance index/pulsatility index, systolic/
diastolic ratio, acceleration time, and blood flow using spectral and power Doppler modalities.
In addition, fetal renal volume, birth weight, and the Apgar score were measured and recorded
in both groups prior to and after delivery of the infants. The receiver operating characteristics
and the two-tailed t test were used for statistical analyses.
Results: Compared with the control group, the systolic/diastolic ratio and acceleration time
were higher in the isolated oligohydramnios group, but with a lower fetal renal blood flow.
Conclusion: Our study shows that isolated oligohydramnios is related to fetal hemodynamic
changes in the fetal renal artery and the regulatory mechanisms of the vascular bed.
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The incidence of oligohydramnios is up to 5% based on the
study by Mercer et al [1]. Oligohydramnios may be
complicated by congenital anomalies, intrauterine growth
restriction, the premature rupture of membranes, or
inflammation. In the absence of maternal and fetal risk
factors, the term “oligohydramnios” was renamed as “iso-
lated oligohydramnios” by Rossi and Prefumo [2]. The un-
derlying cause and management of term pregnancies with
isolated oligohydramnios is still not clear. Complete growth
physiological mechanisms, including knowledge about iso-
lated oligohydramnios and its effects on the fetal renal
artery system, are not known in detail. In this work, we
studied fetal renal artery hemodynamics in the context of
isolated oligohydramnios with detailed power and spectral
Doppler parameters to determine fetal renal artery blood
flow (BF) regulation and the response of the renal vascular
bed in patients with isolated oligohydramnios.
Methods
This was a prospective caseecontrol study conducted be-
tween December 2011 and July 2013. One hundred and
twenty-six patients between 35 weeks’ and 40 weeks’
gestation were recruited to this study. All the women in the
cohort group carried a singleton pregnancy. Patients with
medical complications known to affect fetal growth, such
as diabetes, chronic hypertension, or other vascular disor-
ders, along with those with imprecise dates or a diagnosis of
fetal growth restriction as an indication for testing were
excluded from the study. An amniotic fluid volume <5 cm or
<2 cm in the deepest pocket was defined as isolated oli-
gohydramnios. All the Doppler measurements were per-
formed by a single operator (B.O.).
Measurements were performed with a 3.5 MHz or
5.0 MHz probe (Toshiba Logic S6, Ottowa/Canada). The
patients were placed in the left lateral position and an axial
image of the fetal abdomen was obtained at the level of the
fetal kidneys. Using color flow Doppler imaging, the fetal
renal artery was measured as it approached the kidney
from the aorta. A straight segment of the vessel was iden-
tified and the Doppler gate placed within the lumen of the
vessel. We attempted to obtain an angle of insonation be-
tween 0 and 30. All recordings were obtained in the
absence of fetal breathing and movement. At least three
continuous pulsed waves with thresholds were obtained.
The fetal renal artery pulsatility index (PI), resistance index
(RI), systolic/diastolic ratio (S/D), acceleration time (AT),
and the fetal renal artery BF were measured. The blood
flow was measured in mm/minute. The fetal renal volume
(FRV) was calculated as a  b  c  0.5. The Apgar scores at
5 minutes and 10 minutes, the cesarean ratio, and birth
weight were determined after delivery by reviewing the
appropriate medical records.
The SPSS for Windows 15 (SPSS Inc., Chicago, IL, USA)
package was used for statistical analyses. The groups were
compared using the two-tailed t test. The normality of
distribution of the Doppler indexes was confirmed using the
KolmogoroveSmirnov test. The Spearman correlation co-
efficient was used for non-parametric values. Stepwisemultiple logistic regression was performed to determine
which Doppler index significantly predicted oligohy-
dramnios. The ManneWhitney U test and receiver operating
characteristic curve analyses was used for the comparison
and p < 0.05 was considered statistically significant.
All patients gave informed consent and the study pro-
tocol was approved by the Hospital Research Ethic Com-
mittee of the Dr Sami Ulus Research and Training Hospital,
Ankara, Turkey.Results
There was a total of 126 patients in the cohort group.
Sixty-six patients had an amniotic fluid index less than
5 cm, or 2 cm in the deepest pocket. Sixty patients were
used as a control group. The control group and the iso-
lated oligohydramnios group were similar in maternal and
gestational age (p > 0.05). Both the control group and
the isolated oligohydramnios group had homogenous
distributions.
There was no significant difference between the fetal
renal artery PI, RI, and FRV in both groups (p Z 0.201,
p Z 0.298, and p Z 0.126). The group with isolated oli-
gohydramnios had a lower fetal renal artery BF, but higher
S/D and AT values (p Z 0.012, p Z 0.023, and p Z 0.035,
respectively). In addition, the Apgar score, birth weight,
and cesarean ratio were not different in each group
(pZ 0.07, pZ 0,123, and pZ 0.482, respectively). Table 1
gives the detailed statistical analyses of these parameters.
In the isolated oligohydramnios group there was a posi-
tive correlation between FRV and the S/D value (rZ 0.256,
p Z 0.038), but no significant correlation with the fetal
renal BF and PI. Table 2 gives the detailed linear correlation
parameters of the isolated oligohydramnios group and the
fetal renal artery Doppler parameters.
In the control group the FRV had a negative correlation
with the fetal renal artery RI (r Z 0.404, p Z 0.001);
there was a positive correlation between the fetal renal
artery BF and the fetal renal artery AT (r Z 0.319,
p Z 0.013) and PI (r Z 0.469, p Z 0.000). Table 3 gives
the detailed linear correlation parameters of the fetal renal
artery Doppler parameters in the control group.
Fig. 1 gives an assessment of the receiver operating
characteristic curve for the Doppler parameters for the
isolated oligohydramnios group. The area under the curve
values for the RI, S/D, AT, and FRV with 95% confidence
intervals (CI) were 0.54 (pZ 0.052, 95% CI 0.32e0.54), 0.82
(p Z 0.038, 95% CI 0.75e0.89), 0.74 (p Z 0.043, 95% CI
0.65e0.82), 0.57 (p Z 0.051, 95% CI 0.47e0.67), and 0.56
(p Z 0.053, 95% CI 0.45e0.66), respectively.
These data help us to calculate the diagnostic cutoff
values for the Doppler parameters used in isolated oligo-
hydramnios compared with the control group. These values
are the cutoff points that indicate a possible effect of oli-
gohydramnios on fetal renal artery Doppler parameters and
the vascular bed. The best cutoff points calculated were:
RI, 0.73; S/D ratio, 8.71; AT, 0.08; FRV, 9.72 cm3; and fetal
renal length 45.15 mm. The diagnostic cutoff rates for fetal
renal artery PI and BF could not be calculated because the
area under the curve for these parameters was less than
0.5, which is the mean value of the reference line.
Table 1 Detailed analysis of the patient and control groups.
Patient group (n Z 66) Control group (n Z 60) p
Maternal age (y) 27 (22e32) 25 (21e28) 0.132
Gestational age (wk) 38.3 (35.3e40.1) 38.5 (35e40.1) 0.072
Cesarean rate, n (%) 20 (30.3) 17 (28.3) 0.482
Apgar score 9 (8e9) 9 (8e9) 0.07
AFI 43 (39e46) 140 (111e160) 0.001
PI 1.57  0.27 1.64  0.73 0.201
RI 0.74 (0.71e0.78) 0.73 (0.69e0.78) 0.298
S/D 9.01 (8.74e9.42) 8.12 (7.66e8.70) 0.023
FRV 9.80 (9.28e11.82) 9.66 (8.61e10.80) 0.126
AT 0.09 (0.08e0.11) 0.08 (0.06e0.09) 0.035
BF 61.80 (53.35e64.55) 63.10 (56.10e66.60) 0.012
BW 3110 (2885e3305) 3165 (2910e3450) 0.123
Data are presented as median (interquartile range) or mean  standard deviation.
AFI Z amnion fluid index; AT Z acceleration time; BF Z blood flow; BW Z birth weight; FRV Z fetal renal volume; PI Z pulsatility
index; RI Z resistance index; S/D Z systolic/diastolic ratio.
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control group, the factors that affect fetal kidney growth
and the FRV had a negative correlation with the RI
(rZ 0.256, pZ 0.023). However, the AT and S/D ratio did
not have a significant effect on the FRV (p > 0.05). The
relationship between the fetal renal artery BF and fetal
renal artery PI is shown in Fig. 2 and the fetal renal artery
RI is shown in Fig. 3.
Our objective was to determine whether it is possible to
predict the evaluation of oligohydramnios in the late 3rd
trimester of pregnancy as a result of changes in the fetal
renal artery vascular bed. Table 4 gives the values for theTable 2 Detailed analysis of the patient groups and parameter
Patient group GA AFI FRAPI RI S/D
Age 0.021 0.267 0.222 0.358 0.16
0.865 0.030 0.074 0.003 0.18
GA 0.138 0.207 0.112 0.08
0.271 0.096 0.371 0.49
AFI 0.216 0.073 0.21
0.082 0.562 0.08
FRAPI 0.167 0.10
0.179 0.39
RI 0.04
0.70
S/D
FRV
AT
BF
Apgar score
BW
AFI Z amnion fluid index; AT Z fetal renal artery acceleration t
FRAPIZ fetal renal artery pulsatility index; FRVZ fetal renal volume
S/D Z systolic/diastolic ratio.specificity, sensitivity, positive, and predictive values for
the RI, S/D ratio, and FRV. The fetal renal artery RI has the
most useful accurate parameters with a 92% positive pre-
dictive value.Discussion
There is still confusing data about isolated oligohydramnios
in the 3rd trimester of pregnancy and its effect on the
evaluation of fetal kidneys. Isolated oligohydramnios was
accepted as a source of fetal distress in the meta-analysess of fetal renal artery Doppler indexes.
FRV AT BF Apgar score BW
4 0.066 0.017 0.047 0.040 0.060
8 0.597 0.891 0.705 0.749 0.633
6 0.006 0.051 0.046 0.108 0.065
2 0.965 0.682 0.715 0.386 0.605
4 0.040 0.090 0.248 0.205 0.121
4 0.752 0.473 0.045 0.099 0.335
6 0.029 0.052 0.076 0.016 0.149
7 0.815 0.678 0.544 0.899 0.234
8 0.152 0.028 0.001 0.008 0.158
1 0.223 0.826 0.991 0.946 0.207
0.256 0.127 0.101 0.007 0.064
0.038 0.310 0.420 0.956 0.610
0.070 0.150 0.037 0.043
0.577 0.229 0.766 0.729
0.158 0.142 0.116
0.206 0.256 0.355
0.118 0.006
0.347 0.959
0.127
0.310
ime; BF Z fetal renal artery blood flow; BW Z birth weight;
; GAZ gestational age; RIZ fetal renal artery resistance index;
Table 3 Detailed analysis of control group and the parameters of fetal renal artery Doppler indexes.
Control group GA AFI FRAPI RI S/D FRV AT BF Apgar score BW
Age 0.247 0.284 0.183 0.017 0.120 0.053 0.048 0.091 0.087 0.195
0.057 0.028 0.161 0.897 0.359 0.687 0.713 0.488 0.509 0.135
GA 0.344 0.308 0.008 0.177 0.068 0.145 0.161 0.195 0.212
0.007 0.017 0.953 0.177 0.607 0.270 0.220 0.135 0.105
AFI 0.354 0.381 0.082 0.083 0.102 0.333 0.018 0.263
0.005 0.003 0.535 0.527 0.437 0.009 0.890 0.043
FRAPI 0.306 0.225 0.278 0.245 0.469 0.180 0.100
0.017 0.084 0.031 0.060 0.000 0.168 0.448
RI 0.131 0.404 0.270 0.388 0.219 0.098
0.319 0.001 0.037 0.002 0.093 0.458
S/D 0.055 0.070 0.045 0.071 0.175
0.678 0.596 0.732 0.592 0.181
FRV 0.304 0.194 0.131 0.113
0.018 0.137 0.317 0.391
AT 0.319 0.132 0.160
0.013 0.314 0.221
BF 0.052 0.068
0.694 0.603
Apgar score 0.300
0.020
BW
AFI Z amnion fluid index; AT Z fetal renal artery acceleration time; BF Z fetal renal artery blood flow; BW Z birth weight;
FRAPIZ fetal renal artery pulsatility index; FRVZ fetal renal volume; GAZ gestational age; RIZ fetal renal artery resistance index;
S/D Z systolic/diastolic ratio.
210 M.B. O¨zkan et al.of Rossi and Prefumo [2]. The redistribution of fetal BF in
fetal stress is accepted by many workers. In this redistri-
bution pattern, there is a highly hyperdynamic and differ-
entiable condition in the fetal renal vascular bed. The fetal
renal artery BF depends on the severity of the oligohy-
dramnios and the intrauterine fetal growth process. How-
ever, the effect of oligohydramnios on the fetal circulation
is complex [3e5]. Animal studies show that there is no1 - Specificity
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Fig. 1 The receiver operating characteristics curve for the
fetal renal artery Doppler indexes. RAAT Z renal artery ac-
celeration time; RARI Z renal artery resistance index;
RASD Z renal artery systolic/diastolic ratio; RSIZE Z renal
size.change in renal BF and resistance in the absence of severe
fetal stress hypoxia. There is a transition from a hyperoxic
condition to a hypoxic condition and the regulation system
and the damage to the regulation system is initially based
on prolonged hypoxia. The basic regulation of the vascular
resistance in the fetal renal vascular bed depends on
prostaglandin synthesis [6,7]. These prostaglandins and
cytokines result in the resolution of the vascular spasm
caused by hypoxic conditions. This may be true under
in vivo conditions [8,9], but the effects and the response toRABLW
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Fig. 2 Relationship between the fetal renal artery blood flow
(RABLW) and the pulsatility index (RAPI).
RABLW
80.0075.0070.0065.0060.0055.00
RA
RI
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.012 * x + -0.11
Fig. 3 Relationship between the fetal renal artery blood flow
(RABLW) and the resistance index (RARI).
Hemodynamics of the Fetal Renal Artery 211these hypoxic conditions in the fetal renal vascular bed may
be different under intrauterine conditions. Prolonged
exposure to a lack of nutrients and oxygen would cause a
decrease in renal size and in the number of nephrons [6,8].
It is known that the total number of nephrons reaches a
maximum as a preparation for life after birth. In our study,
there was no significant difference in fetal renal size be-
tween the two groups (p Z 0.209). This may be due to the
fact that all the patients were in the 3rd trimester of
pregnancy.
Under severe hypoxemia, the fetal renal perfusion or
urine production rate is not directly affected, but is indi-
rectly affected due to diminished renal growth as there are
large alterations in the fetal renal bed. However, only se-
vere hypoxia and acidemia result in both reduced renal
perfusion and urine production [9,10]. When we looked at
the factors affecting renal size, the RI, AT, and S/D ratio did
not affect the growth pattern of the fetal renal size
(p > 0.05). We found that the fetal renal artery BF is lower
in the oligohydramnios group than in the control group.
However, it has no effect on fetal kidney size in the isolated
oligohydramnios group. This finding supports the suggestionTable 4 Rates of specificity, sensitivity, and positivee
negative predictive values for Doppler parameters to detect
patients.
Specificity Sensitivity PPV NPV Accuracy Likelihood
ratio
RI 60 33 92 45 46 0.82
S/D 23 22 25 21 22 0.28
AT 44 16 27 36 33 0.28
FRV 50 50 52 47 50 1
FRL 46 45 48 43 46 0.83
Data are presented as percentages.
AT Z fetal renal artery acceleration time; FRL Z Fetal renal
length; FRV Z fetal renal volume; NPV Z negative predictive
value; PPV Z positive predictive value; RI Z fetal renal artery
resistance index; S/D Z systolic/diastolic ratio.that only severe hypoxia and acidemia have an effect on
the intrauterine growth pattern of the fetal kidneys. Iso-
lated oligohydramnios should only be a source of limited
fetal distress. The PI values of the fetal renal artery in this
study is within the normal reference range [11]. The area
under the curve for the fetal renal artery PI could not be
calculated. Some studies have found a significant inverse
correlation between the PI and the amnion fluid index (AFI)
[12,13].
The fetal renal artery RI is an important Doppler index,
which could reflect the vascular resistance and plasticity
more objectively than the PI. The cutoff diagnostic value
for fetal renal artery PI is 0.73. In many studies the normal
range for the RI is accepted as 0.63e0.80. This result also
supports our findings [14e16]. There was no significant
difference between the isolated oligohydramnios group and
the control group. The positive predictive value for the RI is
92%, which is more than fetal renal artery PI. However,
Azpurua et al [17] found that the fetal renal artery RI did
not show a difference between the two groups. The diag-
nostic cutoff results for the S/D ratio is 8.71. The normative
value for the S/D ratio is 8.21. The fetal renal artery
Doppler study by Azpurua et al [17] found a value for the S/
D ratio of 8.2 for their group with intra-amniotic inflam-
mation. However, the positive predictive value for the S/D
ratio is 27%, which does not seem to be a useful parameter.
The fetal renal artery AT was higher in the isolated oligo-
hydramnios group than in the control group. The AT is
mostly used to determine renal artery stenosis. It shows the
mean time to reach the peak systolic time. The diagnostic
cutoff for the AT is 0.08. The increase in the fetal renal AT
may be due to the increase in S/D ratios. The measured
parameters are thus all indirectly related to each other.
There was no difference between the two groups with
respect to the Apgar scores at 5 minutes and 10 minutes and
the birth weight. Unlike many other studies, the cesarean
rate was not higher in the isolated oligohydramnio group
than in the control group [18,19]. However, the cesarean
rate is very high in Turkey; in some centers as high as 41%.
Our study has some limitations. Firstly, most of the
important issues about the hypothesis should be supported
by experimental studies in animals, including the growth
patterns of the fetal kidney and placental vascularization.
Secondly, the high cesarean rate made the analysis difficult
to compare with previously published studies in the
context of the attitudes of obstetricians and unnecessary
interventions.
This aim of this study was to describe the evaluation of
the fetal renal artery and the management of isolated oli-
gohydramnios detected in the 3rd trimester of pregnancy,
which is an important problem in routine daily practice.
The fetal renal artery Doppler indexes need to be consid-
ered with the patient’s clinical history to determine the
sensitivity and specificity of these results. The cutoff
diagnostic values for the some Doppler indexes need to be
evaluated further. The most important issue in this study
was measuring the fetal renal artery BF in mL/minute.
Although this was lower in the group with isolated oligo-
hydramnios, there is no diagnostic cutoff rate for this
parameter. This may be due to the highly regulated system
of the fetal renal vascular bed and may explain the alter-
ations in some of the Doppler parameters.
212 M.B. O¨zkan et al.In conclusion, isolated oligohydramnios is a source of
fetal stress and affects the fetal renal vascular bed. The
fetal renal artery RI is the most accurate Doppler param-
eter which can be used to understand the vascular response
to this fetal stress. However, further work needs to be
carried out to confirm the results of this study.
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